2006; THOMPSON et al. 2015) . We use a set of previously detected eQTL for their replication to verify the existence of QTL, or to narrow down the location of a QTL in order to find the 1 0 7 underlying causal polymorphism (e.g. see (GAO et al. 2018) ). The RIL and IL populations are 1 0 8 exposed to three environments: heat-shock, recovery from heat-shock, and a control 1 0 9 environment at a standard rearing temperature. We investigate three aspects of eQTL mapped 1 1 0 where Z CB4856 is the Z-score of spot i (1, 2, ..., 45220) of strain j (one of the RILs or ILs) and I 2 0 6
is the normalized intensity. The µ is the mean of the intensity over the CB4856 strains for spot 2 0 7 i and the σ is the standard deviation over the CB4856 strains for spot i. This transformation 2 0 8
shows the effect of the genetic background in the ILs. In order to compare IL gene expression with eQTL effect sizes, another data 2 1 0 transformation was used, as there the number of standard deviations difference with the mean 2 1 1 P and heat-stress environments, n = 3 in recovery environment. For the parental strain CB4856: 2 6 9 n = 3 in control and heat stress environments and n = 5 recovery in recovery environment.
The obtained significances were corrected for multiple testing using the Benjamini-Hochberg threshold of FDR = 0.1 was taken as requirement for differential expression. Two approaches were taken to determine trait architectures using both RIL and IL population: heritability calculations and directly testing the amount of variance between both populations. Both approaches are based on the notion that the trait variance in the populations scale with pooled trait variance of the parental lines N2 and CB4856 (denoted with P) was used as an 2 9 0 estimate of the measurement error, which was subtracted from the trait variance of either the 2 9 1 RIL or IL population. We used a permutation approach to determine the threshold for separately, but together with the same parental lines) and recalculated the heritability as either the IL or the RIL population within one of the tree environments. We took the log 2 3 0 9 ratio, meaning that traits with a higher heritability in the IL population resulted in a positive 3 1 0 number, and traits with a higher heritability in the RIL population with a negative number. We performed two tests to place the relative heritability in perspective. First, we took the 3 1 2
spots showing significant heritability (FDR = 0.05). Second, to test whether variance was 3 1 3 significantly different between the two populations, we used the non-parametric Fligner- Killeen test for homogeneity of variances, this we corrected for multiple testing using the 3 1 5
Benjamini-Hochberg method (FDR = 0.05) (CONOVER et al. 1981 ; BENJAMINI AND 3 1 6 HOCHBERG 1995). Simulating trait architecture impact on relative heritability 3 1 9
To determine how the trait variance behaves proportionally in each population, we simulated were simulated in trait architectures containing 1 to 100 QTL (or 1 to 100 clusters of closely we distributed these QTL along the informative markers in our IL and RIL population. This and centers (ROCKMAN et al. 2010; SNOEK et al. 2017) . To approach the residual variance (ߪ ଶ ) in our data, we added random variation based on a normal distribution (rnorm) such that The following eight architectures were simulated: (i) randomly distributed additive 
for x 1 and x 2 using the solve function in R. This led to the estimated number of additive traits 3 5 1 (x 1 ) and balanced closely linked traits (x 2 ). Genome-wide confirmation of eQTL effects and location using introgression lines 3 5 4
Analysis of differential expression showed that introgression lines (ILs) could confirm both Table S1 ), and at least 3 5 7 three replicates of the ancestral strains N2 and CB4856 were exposed to the three 3 5 8 environments (Figure 1A) . Based on the number of eQTL expected in the CB4856 locus of 3 5 9
each IL, we found that on average 69.5% (FDR = 0.05) of the cis-eQTL found using the RILs Table S2 ). Note that the tiling structure of the ILs meant that each QTL location was measured by RILs showed that eQTL effects in the CB4856 locus of each strain were well 3 6 7 approximated in the ILs (average Pearson correlation, rho = 0.661; Figure S2B ; Table S2 ).
6 8
Together, over all three environments, the analyses confirmed eQTL occurrence and effect 3 6 9 sizes in the RIL population in independent experiments using an IL population. , the ancestral strain CB4856, the ancestral strain N2, and introgression lines (ILs). These were exposed to three separate treatments: control (48 hours at 20 o C), heat-stress (46 hours at 20 o C followed by 2 hours at 35 o C), and recovery (as heat-stress, followed by an additional 2 hours at 20 o C). After the experiment, populations of the strains were harvested and used for transcriptome measurement by microarray. (B) the percentage of eQTL confirmed based on differentially expressed genes per IL and per RIL (FDR = 0.05). The percentages are split-out over the three environments, and the two eQTL type (cis or trans). The eQTL were mapped using the RIL population, hence that population is expected to confirm the eQTL to a high degree. (B) An example of one cis-eQTL (for gene F26E4.1) and one trans-eQTL (for gene K06H6.1) in the IL population. On the x-axis the genotype at the QTL locus is plotted, and on the y-axis the expression (R N2 )
changing both the threshold for differential expression and the threshold for eQTL-based 3 9 6 expectations ( Figure S3) . These results show that the expectations from a single marker 3 9 7
model are a poor predictor for differentially expressed genes in ILs. Importantly, a single 3 9 8
marker model under-estimates the impact of small introgressions and over-estimates the 3 9 9
impact of the genetic background. On the x-axis, the population type is shown and on the y-axis, the expected and observed ratio of differentially expressed genes is shown, both normalized for the expectation in the RILs (eQTL threshold, -log 10 (p) > 3.9; DEG threshold,log 10 (p) > 5). In the left panel the effect compared to N2 is shown (effect of the CB4856 loci; introgressions in the IL panel) and in the right panel the effect compared to CB4856 is shown (effect of the N2 loci; genetic background in the IL panel). The distribution and differences of genetic recombination over ILs and RILs allowed studying heritability was a straightforward way to interpret trait variance, we estimated the broad-sense 4 0 9
heritability (H 2 ) in both populations (Table S4 ). In general, heritability was higher in the RIL 4 1 0 population. In total, over all conditions, we found 10673 unique genes that showed significant 4 1 1 heritability in the RIL population, whereas we found 2952 unique genes that showed 4 1 2 significant heritability in the IL population (permutation, FDR = 0.05; Figure S4A ). Only 929 4 1 3 genes in the RILs and 8 genes in the ILs showed heritable gene expression variation over all 4 1 4 three environments (Figure S4B and C) To gain insight in the impact of different trait architectures, we simulated eight distinct on the additive simulation, we expected 95% of the variance ratios to fall between -3.6 and - distribution of genes with significant heritability seems to form a combination of additive and the simulation to estimate how the traits are divided over the two QTL models (Figure 3B) . the heat stress and recovery environments (Table S5) . Therefore, we hypothesize that the 4 3 7
balanced closely linked QTL model is an important eQTL architecture in the nematode C. comparing the two parental strains (FDR = 0.1; Table S6 ). Also, the second prediction was 4 4 7
found to be correct, on average 21.9% of the differentially expressed genes were shared 4 4 8
between IL strains covering loci on different chromosomes, which was only slightly less than 4) . Therefore, we concluded that localized genetic complexity 4 5 1 was a major part of the eQTL architecture. heritability, seemed to be most prominent in the control environment. It could be that these reviewed by (MACKAY 2014)). In this study, we also show that the number of differentially the ILs. To summarize, the introgressions display more-than-additive effects, whereas the 5 0 8 genetic background shows less-than-additive effects.
0 9
Our findings are in line with observations in introgression lines in C. elegans, showing 5 1 0 that for some traits more and different QTL than expected from RILs can be found (e.g. to the parental strains is a hallmark of epistasis (as reviewed by (MACKAY 2014)). However, The developmental trait architecture consists of balanced closely linked QTL al. 2015; SCHMID et al. 2015; COOK et al. 2016; GREENE et al. 2016a; GREENE et al. 2016b ; et al. 2016; BEN-DAVID et al. 2017; STERKEN et al. 2017; ZDRALJEVIC et al. 2017 ; additive QTL distributions were modelled. We think the observed distribution suggests that a it plays an important role: the heritability ratio is strongly dependent on environment. This is 5 5 7
in line with effects observed for trans-eQTL, which are also strongly environment dependent,
implying heritability is as well (LI et al. 2006; SNOEK et al. 2017 ). Developmental differences 5 5 9
between the strains in each population could also drive some of the observed heritability 5 6 0 ratios. For example, ILs could be developmentally more homogenous than RILs, which could 5 6 1 result in lower levels of trait variance in ILs. It is clear that age affects trans-eQTL and would affect the heritability ratios we measure in general; it seems unlikely that developmental stage is observed to be L4 before isolation, therefore we expect that these 5 6 7
potential sources of increased variance are controlled. Hence, the relative heritabilities under 5 6 8
normal development imply clusters of closely linked QTL. The role of cryptic genetic variation on trait complexity 5 7 1
We used the contrast in genetic complexity of the RIL and IL population to investigate trait complexity. The relative heritabilities between these populations differed over the three environments. In our previous study on the RILs, we show that the trans-eQTL architecture is 5 7 4 different over the three environments, showing that trans-eQTL contribute most to cryptic 5 7 5 P a g e 2 9 o f 4 0 genetic variation. Here, we find that the micro-architectures is more complex in an ambient 5 7 6 environment.
7 7
Development of an organism is a tightly regulated process and completion of 5 7 8 development into a reproducing adult is essential for reproduction, hence fitness. The making it likely that they are filled with compensatory mutations (ROCKMAN et al. 2010) .
8 6
Second, development is a polygenic, tightly regulated, process. On the level of gene populations in ambient environments to show micro-architectures that are more complex.
9 1
On the other hand, stress responses are also tightly regulated, but initially aimed at 5 9 2 reaching a stress-survival mode, which is a process that involves fewer genes than 5 9 3 development. The heat-shock response in C. elegans starts by de-phosphorylation of HSF-1 5 9 4
and DAF-16 and entry of these transcription factors into the nucleus (as reviewed by 5 9 5 (RODRIGUEZ et al. 2013) ). Once there, they regulate the expression of chaperones that 5 9 6 function to minimize cellular damage. Our results show that populations in both the heat- shock and recovery from heat-shock environments show fewer QTL with complex micro- architectures. We hypothesize that this is due to the effect of the strong transcriptional 5 9 9
response induced by heat shock (BRUNQUELL et al. 2016; JOVIC et al. 2017) . It is possible that The ILs are ordered based on introgression on the x-and y-axis. The location of the CB4856 6 9 6 segment is indicated behind the IL strain-code. The fraction overlap shown is calculated as the 6 9 7 percentage of unique differentially expressed genes in the two compared ILs. The overlap is 6 9 8
shown for the control environment (A), the heat-stress environment (B), and the recovery 6 9 9 environment (C). The table lists the strain name, strain type and the comparisons are split out for the cis-and number of eQTL present in the CB4856 loci is given, as is the percentage that is also 7 2 2 differentially expressed (FDR = 0.05). identified previously (SNOEK et al. 2017) . The location of the trans-band and the number of trans-band and the trans-band locus that these ILs imply are also given. comparing CB4856 versus N2 (positive effect indicates the gene is higher expressed in N2).
4 8
The last column gives the significance as corrected for multiple testing (FDR). interactions contribute less than additive effects to quantitative trait variation in yeast. Res 37: e110. 
